Abstract-A dynamic environment is defined that either the obstacles or the goal or both are in motion. There are many methods to deal with the problems of the path planning of the robot in dynamic environment. In the case of the dynamic environment, one method for path planning is to take the velocity of the goal and obstacles into account. In this paper, we propose a method for path planning in dynamic environments that uses a potential function which indicates the probability that a robot will collide with an obstacle. The traditional potential function method has many shortcomings that are not suitable for the robot in the dynamic environment. So a modified method of potential function is proposed, and artificial neural network (ANN) is also used in order to get the information of velocity and positions of the obstacles and goal. This paper will discuss how to define the attractive force and repulsive force, and how to predict the velocity of the obstacle and the distance between obstacle and the robot.
I. INTRODUCTION
In the control systems of the mobile robot, path planning is one of the most important problems that should be deal with. Path planning in an environment with obstacles, according to certain evaluation criteria, is to find a collision-free path from the initial location to reach the target location.
Motion planning can be divided into at least two separate parts, the path planning, to get the path from one point to another, and the movement itself, to follow the path. The latter is found to be difficult due to the kinematic constraints of the robot [1] .
Dynamic environment of mobile robot motion planning problem refers to the conditions of moving of the robot, objectives, obstacles, expectations from the initial state of movement to the target state, the robot should be able to achieve target point, parking, and should be able to achieve the fast tracking of moving targets, should be in the process to achieve the dynamic obstacle avoidance.
Most of the algorithms of path planning work only on finite graphs. For example, Dijkstra [2] , Bellman-Ford, or A* algorithm are all finite graphs of the path planning of the robot. But in fact the information of the environment is not known and the obstacles and goal may be move and not keep still. So as to many algorithms of static environment, they are not suitable for dynamic environment It is hard to research that mobile robots make path planning of environments with dynamic obstacles. As to the point of practical applications, the mobile robots for environmental information, especially dynamic barriers, are difficult to have a priori knowledge in unknown environment, which can only be based on their sensor to detect the limited confines of the surrounding environment message. There are many research scholars around the world to study the algorithms about the path planning in dynamic environment. Glasius et. al. [3] use the Hopfield network to make the robot path planning with the method of simulated neurons. Chohra et.al. [4] use the neural network, connecting the hybrid intelligent systems (HIS),for the obstacle avoidance, and can make a cognitive decision-making of mobile robot to have the ability to avoid the barrier same as people. Yang et.al. [5] use biologically inspired neural network method to solve the problem of dynamic obstacle avoidance in non-static environment.
This paper proposed a method for path planning in dynamic environment. Firstly, the artificial neural network is used to extrapolate the next positions and velocity of the obstacles. Then, we take the algorithm of modified potential field which introduces velocity instead of location to make the path 978-1-4799-0165-4/12/$31.00 (c)2012 IEEE planning of the robot.
II. METHODS IN DYNAMIC ENVIRONMENT

A. Obstacle location prediction by artificial neural network
It is clear that if we want the robot to avoid obstacles, the prospective positions of the obstacle must be known. But how to get this propose, we can only use the method of prediction. There are so many algorithms that can deal with it, but all of them needs that we should know some of the previous samples of the position-time function of the obstacle.
In order to predict the positions of the obstacles, we use the ANN (artificial neural network). It is trained by previous positions of the obstacles. The process consists of a target point and some input points. The training of the ANN is done the usual way, using the BP network. The backpropagation through time method [6] is a training method of dynamic feedback artificial neural network(ANN) [7] . The main idea of the method is to train the ANN with the usual backpropagation algorithm by opening the feedback loop: the feedback neural network is unfolded through many iteration steps The complexity of the system of the robot determines how many previous sample points should be used in the input of the ANN. It is considered that the sampling rate is determined by the hardware of the systems. In order to get the high rate of the sampling, we should choose the higher rate speed of the CPU. The complexity of the movement of an obstacle is a harder question to answer. If we narrow the scope of obstacles only to passive objects, which does not have any logic or intelligence and move by their inertia, the complexity of their movement will be low. However, if we consider the obstacles have the intelligence, the prediction is also unreachable.
The ANN is trained with the usual training samples, inputs and target. The inputs are some of the previous position in order, and the target is the following position in the path of the obstacle, as shown in Fig.1 .
At the beginning of the navigation, there are insufficient samples, so many samples are needed to be collected before the robot can start moving. Another problem is that when there are just enough samples, they make too few training point, to train an ANN. In such situation, it is better to use fewer samples in the input of the ANN, and make more training points, and as more samples are collected, the length of the input of the ANN could be increased.
The predicted obstacle positions can be used as an input to predict more positions, so the prospective path of the obstacles can be predicted. This predicted path is used in the potential field calculation, calculating always with the proper obstacle position, according to the movement of the given simulation step.
B. Path planning by the potential function
Through the ANN, we can get the information of positions and velocity of the obstacles, which can be used as the input of the path planning of the robot system as shown in Fig.2 . The traditional artificial function method is propose by Khatib [8] in 1986 and it is one of the most common methods in avoiding the obstacle online. The definition of the gravitational field in the traditional artificial potential field method is:
is the attractive function proportional coefficient, M is the coordinates of the robot in the X-Y space, M g is the coordinates of the goal in the X-Y coordinate system,
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M M g is the distance between robot and goal position. The gravitational field of the robot is the negative gradient of the gravitational potential energy.
In the finite environment, we can make the robot to avoid the obstacle by the adjustment of attractive function proportional coefficient and repulsive functions proportional coefficient. However, if it is replaced by the environment of dynamic obstacles, it may reveal many deficiencies, such as it will increase the probability of the local minimum problem, collide more than escape, and would not have a collision, but the robot has made unnecessary for preventing collisions, as shown in Fig.3 . We can solve the first problem as shown in Fig.3 (a) by increase , but it may be increase the possibility of second problems happening as shown in Fig.3 (b) . So the fundamental reason is that the relationship between the obstacle velocity and the velocity of the robot is not considered.
All problems above mentioned need to be done by modified potential function algorithm. We can use the time of collision instead of distance. As shown in Fig.4 
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The robot first drives under the both effect of gravity function and repulsion function. When the local minimum occurs, it is immediate to the get the introduction of the local volatility function to help the robot out of the position and then continue towards the target vector under the action of gravity function and repulsion function. k is the factor of proportionality.
III. ROBOT SYSTEM WITH SOME SENSORS
In this paper, a shape-shifting robot named AMOEBA-I [9] [10] designed by Shenyang Institute of Automation (SIA) is used which has different shapes that can fulfill many tasks in search and rescue site as shown in Fig.5 . The robot has four shapes in usual work environment, such as line shape (L), triangle shape (T), D shape and parallel (P) shape. Each configuration has its special feature as shown in Table 1 .
The letters "C", "D", "E", "F" mean the performances of different configurations of robot from high to low. Each configuration of reconfigurable robot has its own characteristics, and the conformation transformation can enhance the robot to adapt the environment [11] [12] . URG-04LX is a laser sensor for area scanning. The light source of the sensor is infrared laser of wavelength 785nm with laser class 1 safety. Scan area is 240º semicircle with maximum radius 4000mm. Pitch angle is 0.36º and sensor outputs the distance measured at every point (683 steps). Laser beam diameter is less than 20mm at 2000mm with maximum divergence 40mm at 4000mm. Electronic compass LP3200 is a two-axis reluctance sensor to the measure the plane of the geomagnetic field, which can use of biaxial inclination compensation to detect the direction, as shown in Figure. 7 Fig. 8 The hardware of the robot system for path planning and avoiding the obstacle
The localization and the velocity of the obstacle is obtained through the laser sensor URG-04LX, which is on the robot system as shown in Fig.8 . It can determine the distance between the obstacle and robot. So, we can obtain the velocity information of the obstacle by computing with wired communication. In fact, the process of experiment, we take the communication by wireless, transmission rate low but convenient and flexible. We can get the information of angle by electronic compass. The algorithm used to do this is beyond of the scope of this paper, so it is not presented here. Fig.9 The operation of the path planning of the robot system A brief summary of the main components and their relations in the robot system is shown in Fig.9 , where this closed loop can be noticed easily. The software doing the control is running on a PC. The PC is connected to the real robot through a radio link with a protocol, which has basic commands to control the robot to move, turn, and stop.
IV. EXPERIMENTAL VALIDATION AND ANALYSIS
The data of the distance between the robot and obstacle by the laser sensor is shown in Fig.10 . The letters 'Lsr' are mark bits and the 155.365 is the time of data acquisition. Fig.10 just shows one time of the total process. The data '725,656,656..' means the distance between robot and obstacles, unit mm. This kind of laser sensor can not satisfy the requirement of the environment outside due to the measurement range limited, so we just to prove our algorithm effectiveness by URG-04LX.
From Fig.11 , we draw the data of the distance between the robot and obstacle which is the scene shown in Fig.10 by software. The process of data collecting is similar, so this paper does not shown sensor data of scene of Fig. 15 . It can be see that the obstacle marked in red circle is moving obstacle. There are many algorithms that can detect the moving obstacle, so it is not shown in this paper. Fig.10 The data of the distance between the robot and obstacle by the laser sensor Fig.11 The data of the distance between the robot and obstacle by the laser sensor to be show in matlab
We set (5, 5) to be start point, and (25,25) to be goal point. The total amount of the obstacles is 122, which are linked like some polygons. All of them use matrix to represent, such as ox1= [8 10 12 10 8] ;oy1= [4 4 4 6 4] . We set the is 1.7, k is 0.3, the maximum accelerated velocity is 1m/s, the distance that can make the robot safe from the obstacle is 0.2m. The moving obstacle is in the position (10,15), and we make the maximum speed of it to be 0.5m/s, in order that the robot has the time to deal with. The Robot can detect whether to meet the impact angle constraint and the collision time constraints, then begins to avoid.
We can clear see that the robot has the ability to avoid the obstacle and get the path to the goal in a feasible way. As shown in Fig.12 , the environment is finite and the circular obstacle is still. The red square represents the start point, and the red circular represents the goal point. The blue polygons mean the obstacles. The robot chooses the potential function approach to get the path. In Fig.13 , the circular obstacle is moving towards the robot. Through the laser sensor, the robot can catch the information of the environment and judge the direction of the obstacle. The PC receives the data form the robot and computes the velocity of the obstacle and predicts the obstacle position in future by ANN. Then it sends the order to the robot to fulfill the tasks. Finally, the robot can avoid the obstacles and get the path to the goal point in dynamic environment as shown in Fig.13 . Fig.14, we can see that the robot began to get the goal location. There are two ways that the robot can choose, a narrow space and wide space. The width of the left way is smaller than the width of T shape robot, so the robot has to choose the right way with the cost of instance increasing. At the time of traveling, we set an obstacle with a very slow speed in order to test the effectiveness of algorithm. The robot has the ability to avoid the obstacle with low speed. The reason of the low speed of the robot may be the style of wireless communication, the slow speed of computer processing and kinematic constraints. From Fig.15 , we can see that the robot begins to get the goal location, but the robot chooses the left way by change its configuration by contrast the former method. The distance and the time of the passing both are reduced with the D configuration. When the robot meets the obstacle, the robot keeps still until the obstacle passing. This paper introduced a new method for path planning in dynamic environment. As to the potential function method, it is necessary to obtain the information of the obstacle. The modified algorithm has rapid description of the environment. Moreover, it solves the local minimum and the real-time problems effectively. In addition, the proposed method has very strong capability of acclimatization. Compared to the most methods which consider the information of position and velocity of the obstacles known, in this paper, predictable manner is proposed to determine the obstacles information. A method of ANN is proposed to solve that problem. First of all, the positions of the obstacle passed serves as the input of neural network. By computing the velocity of the obstacle, we can use the potential function to get the path of the robot. In Fig. 14, we can see that the planning path is not the best because the limit size of the robot. But as the reshape configuration robot, there are many ways to choose a better way as shown in Fig.15 . The robot has the ability to change its shape to get the more suitable path. Through the experiment, the method is proved effectively.
It is also shown that real time online training is possible if the speed of the moving objects and the mobile robot is rather small. How to make the configuration of robot to avoid obstacles quickly should be studied in the future works.
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